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Abstract 
This paper will present a comparative study between two possible ways of human resources allocation within the organization,   
while analyzing the costs generated by these changes in order to support a short-term decision in the automotive industry. In case 
the demand increases, it is important to know the period for which the production capacity will be modified,  because a short and 
medium term  are viable  for transition to four shifts. Possible study limitations can be found in the need to use complex forecasts
and future research may include issues related to the maintenence costs of the purchased equipments. 
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1. Introduction 
The permanent evolution of business environments in which industrial organizations operate generates a need of 
considerable resources involvement, in order to maintain or increase the ability to provide a quick response to 
customer requests, very important being the high given level of competition in markets. Building systems that 
provide good strength and rapid response to risk, knowing and control of the long-term agility are considered major 
challenges of current managers, in the present context characterized as "the most complex, interdependent and 
interconnected era in human history".(WEF, 2013) 
A special attention should be given to the automotive industry due to its current economic and social dimension. 
European automotive industry provide 12 million jobs, of which 2 million direct and 10 million in the production of 
components and other sectors, being considered a true "engine" of the economy. (ACEA, 2013) According to 
statistics from The International Organization of Motor Vehicle Manufacturers (OICA) the number of motor 
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vehicles produced worldwide is growing, with a rate of 5.3% for the past two years, table 1. (OICA, 2013) 
Table 1. World motor vehicle production  
All vehicles 2011 2012 % change 
Europe 20,954,070 19,821,461 -5.4% 
America 17,793,809 20,023,353 +12.5% 
Asia-Oceania 40,575,512 43,709,999 +7.7% 
Africa 556,637 586,396 +5.3% 
Total 79,880,028 84,141,209 +5.3% 
 
In terms of sales, a Scotiabank report (Global AutoReport) indicates an increase in worldwide car sales. In May 
2013 there was noticed a decrease in growth rate at +3.5%, compared with +5% registered in earlier months that 
year, compared to the same period last year, table 2. (ScotiaBank, 2013) 
Table 2. International car sales outlook  
(millions of units) 2011 2012 2013 forecast 
North America 15.22 17.07 18.26 
Western Europe 12.80 11.76 11.17 
Eastern Europe 3.9 4.14 4.01 
Asia 24.41 27.25 28.59 
South America 4.47 4.72 5.16 
Total sales 60.80 64.94 67.19 
 
It is noticed that European automotive industry is in a critical moment, being identified a few problems in the 
market, recording a 5.4% decrease in the number of vehicles manufactured. Statistically, worldwide are identified 
increases in sales, particularly in the BRIC states and other emerging markets, and forecasting an increase of over 3 
million unit sales worldwide, compared to 2012. 
Considering the constraints induced by high levels of competition, the varied requests in terms of customer order 
volumes, and demand diversity, it requires a high manufacturing efficiency in order to keep a lower cost level. All 
these represent a permanent challenge for the industrial organizations management, having been necessary short-
term concrete analyzes for taking immediate decisions, but which can attract long-term side effects. 
Disturbances and instability of the market is reflected at the supplier level, being in a difficult position due to the 
applied pressure of the original equipment manufacturers (OEM’s), which emit certain claims for cost reductions in 
the supply chain. In cases where they fail to reduce costs, and the situation remains the same year after year, their 
profit margins are significantly reduced, having the business future threatened. From this situation it can go out with 
a considerable advantage those companies that adopt clear policies to reduce costs and streamline the business. 
2. Strategic agility 
Traditional management needs "stability" and to create a business strategy is needed "predictability", issues that 
can not be found in the current environment. Therefore appears the need of permanently adaptaptation to customer 
demand, and to generate a strategy that allows the fulfillment of economic, social, technological and environmental 
goals. A response to these requests is acquiring the organization's strategic agility, defined as the ability of a system 
to continuously adapt depending on the existing circumstances, and it materialized not only by creating new 
products or services, but also by developing new business models and an increased capacity for innovation in 
complex conditions, as seen in figure 1. (Strategic agility blog, 2013) 
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Fig. 1. Strategic agility (Strategic agility blog, 2013) 
A prompt response to clients demand may be offered only if the conditions of a “flexible” manufacturing system 
are achieved. Manufacturing flexibility is an important component of a company's agility, which defines the 
capacity / ability of an organization to succeed in a constantly changing and unpredictable environment (Agility 
Forum, 1994), an organization that can cope with all the changes that can occur. Changes in quantity, or any other 
requests that may arise, should be solved in the shortest time and in the most advantageous manner for the company, 
with particular focus on the means of calculating the costs of needed changes. 
3. Case study 
The case study aims to present a model of possible costs estimation for two types of human resource 
organization, 3 and 4 shifts, in case an increase in activity volume can be identified on long term. The analysis 
covers both the necessary equipment, number of employees, working hours, taking also into consideration the 
possibility of additional equipment used to satisfy the customer's requests promptly. It is desired to emphasize the 
costs involved in both cases and to create a decision framework in relation to them. The conducted analysis intends 
to highlight the differences between the two models in terms of cost evolution throughout the entire operation time 
of the machines. 
3.1. Assumptions 
The current working schedule is 3 shifts, of 8 hours each, 5 days a week, each machine (equipment) is 
commanded by an operator. The necessary direct productive personnel consist of 24 employees. At a rate of 85% 
effectiveness of the equipment a total number of 20 hours of daily actual production are obtained for each machine, 
accumulating a total daily production capacity of 160 hours, according to table 3. 
The data thus calculated led to obtaining a capacity of 800 actual working hours for 8 machines, considering an 
operation level of 100%, not taking into account the efficiency aspects of the machine's operator. 
3.2. Proposed model 
The proposed working model is 4 shifts, of 8 hours each, 7 days a week, each machine (equipment) is 
commanded by an operator, considering the possibility of increasing the activity's volume and analyzing the result in 
terms of system capacity. The necessary direct productive personnel is of 32 employees, in this case it is necessary 
to hire 8 more operators. At a rate of 85% effectiveness of the equipment a total number of 20 hours of daily actual 
production are obtained for each machine, accumulating a total daily production capacity of 160 hours, according to 
table 4. 
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Table 3. Situation for 3 shifts schedule 
3 shifts  
without overtime 
U.M.  
Actual productive hours/day/ equipment h 20 
Current number of equipments  8 
Number of teams  3 
Employees per shift  8 
Time period for a shift h 8 
Number of shifts per day  3 
Working days per week  5 
ACTUAL – production capacity per day h 160 
 
Table 4. Situation for 4 shifts schedule 




Actual productive hours/day/equipment  h 20 
Current number of machines   8 
Number of teams  4 
Persons per shift  8 
Time period for a shift h 8 
Number of shifts per day  3 
Working day per week  7 
PROPOSED – production capacity per day h 160 
3.3. Comparative study 
The comparative study is based on analyzing the weekly production capacity and by establishing the capacity 
index, through reporting the weekly capacity to the necessary one, capacity which reflects the coverage degree that 
has to be achieved by the production system.   
For the comparative analysis an expected growth of 10% is considered, which leads to an increase in number of 
worked hours and indirectly to the possibility of purchasing additional equipment to accomplish the customer's 
requests. The daily production capacity goes from 160 h to 176 h, in both cases by considering a number of 800 
weekly hours in case of the 3 shifts working schedule and 1120 h for 4 shifts. 
In this case, according to table 5, it can be observed that the coverage degree of the necessary production capacity 
is 0.91 for 3 shifts and 1.27 for the proposed model of 4 shifts. 
To ensure the order completion according to deadline an additional percent of 20% from the necessary total time 
is directed, value that can differ depending on the activity's specific and on the production lines structure. The 
implementation of such a coefficient, associated with the analysis from a pessimistic point of view, is recommended, 
so as to eliminate, if possible, the delays caused by certain unforeseen factors.  
Since the necessary coverage index is 1.20, in the case of 3 shifts the purchase of 3 additional equipments is 
necessary, according to table 6, to achieve an index higher than 1.25.  
In table 6 the necessity to employ additional personnel for the 3 shifts model can be observed, reaching an actual 
number of 11 workers per shift, cumulating a total of 33 employees for the 3 shifts with one more employee than in 
the case of the 4 shifts working schedule. 
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Table 5. Production capacity and coverage degree 
 U.M. 3 shifts 4 shifts 
Expected growth % 10% 10% 
NECESSARY – production capacity per day h 176 176 
Production capacity per week h 800 1120 
NECESSARY – production capacity per week h 880 880 
Capacity index ACTUAL (PROPOSED)/NECESSARY  0.91 1.27 
 
Table 6. The new production capacity and coverage degree 
 U.M. 3 shifts 4 shifts 
Capacity index ACTUAL/NECESSARY MINIMUM  
ACCEPTABLE  1.20 1.20 
Changes have to be taken to cover the capacity?   Yes No 
How many machines will be purchased additionally?  3 0 
Necessary persons per shift  11 8 
New production capacity per week  h 1100 1120 
Capacity index ACTUAL/NECESSARY AFTER  CHANGE  1.25 1.27 
 
For the comparative study and an appropriate analysis for personnel and purchasing new equipment costs a 
monthly salary of 2400 lei gross for operator is considered and the cost per society, including payment of all fees 
towards the state is an average of 4.3 euro/hour (considering the annual average exchange rate for 2012 to be 4.4560 
lei/1 euro according to BNR). Regarding bonuses a night bonus of 25% can be considered, as for weekends there is 
no standard value applicable to all companies, so 60% is considered. For purchasing new equipments two 
possibilities can be taken into consideration to create an appropriate decision framework, namely possibility 1 (v1), 
where the equipment purchasing price is 40 thousand euro and possibility 2 (v2) with 80 thousand euro, the 
calculation being performed for the entire operation time of the equipment. To calculate the costs evolution from 
table 7 the annual inflation rate of 3% was included.  
Table 7. Cost evolution (euro) 
Total costs per 









1 439748 369924 559748 369924 
2 778681 762043 898681 762043 
3 1108021 1143065 1228021 1143065 
4 1437362 1524086 1557362 1524086 
5 1766702 1905108 1886702 1905108 
6 2096043 2286129 2216043 2286129 
7 2425383 2667151 2545383 2667151 
8 2754724 3048172 2874724 3048172 
9 3084064 3429194 3204064 3429194 
10 3413404 3810216 3533404 3810216 
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The following can be determined from table 7: for possibility 1 the minimal cost is achieved by selecting the 4 
shifts working model, in this case no additional machines have to be purchased, given the forecast growth is not 
more than 2 years. For a forecast growth that can be longer than 3 years the 3 shifts working schedule is 
recommended, with the purchase of new equipment; for possibility 2 the minimal cost is achieved by selecting the 4 
shifts working model, if the forecast growth is not longer than 4 years. For periods longer than 4 years the 3 shifts 
schedule is recommended. 
4. Conclusions 
The research identifies that in case of customer demand supplementation is very important to know the period for 
which it will decide to increase production capacity, in the short and medium being viable the transition to 4 shifts 
without purchasing additional equipment. Also the difference between the two possible ways of human resource 
allocation is given by the value of the equipment needed to be purchased, a high priced equipment will increase the 
period for which the 4 shifts working cost is lower. 
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